1. Introduction. In this paper we shall investigate the questions of existence, uniqueness, and continuous dependence on initial data of periodic solutions of the nonlinear hyperbolic equation :
(1.1) Lu = uxy+a(x, y)ux+b(x, y)uy + c(x, y)u = f (x, y, u, ux, uy) in the strip S-{(x, y); -ao<x<co,0iyir}.
Here the functions a, b, c and/are assumed to be periodic in x with the same period T. (For a precise statement of the smoothness assumptions of the functions involved see the statements of the theorems in §3.) We ask for a classical solution of (1.1), periodic in x with period T and satisfying the initial condition (1.2) u(x, 0) = 9(x), where 9(x) is continuously differentiable and periodic with period T. The problem mentioned above has been discussed by L. Cesari [2] , [3] , for the more difficult case where no damping is present, i.e. for the equation (1. 3) uxy = f(x, y, u, ux, uy).
Similar problems concerning the existence of periodic solutions for the equation (1.4) uu-uxx = ef (t, x, u, ut, ux) have been studied by O. Vejvoda [9] , J. K. Hale [5] and P. H. Rabinowitz [8] .
L. Cesari [4] and J. K. Hale [5] have also considered the question of existence of periodic solutions in the large for (1.3). The approach in [2] , [3] , [4] and [5] is based on the method used by these authors for similar problems in ordinary differential equations [6] . The approach and techniques used by Rabinowitz can be considered as an extension of the methods of the theory of elliptic boundary value problems to hyperbolic equations. The results presented in the present paper neither contain the results of the previous authors nor are they contained in their results. Due to the presence of damping, we obtain the existence of a solution under weaker hypotheses, e.g., the Lipschitz condition on/is replaced by a more general condition :
(1.5) \f(x,y,u,p,q)-fi(x,y,u,p,q)\ S <>>i(\p-p\) + û2(\q-q\),
where €¡>y and G>2 satisfy certain integral relations (see Hypothesis 4 of Theorem 3.1).
In case a>y and w2 are linear in their arguments we have the Lipschitz condition. It appears that the introduction of condition (1.5) simplifies the proofs and makes the results more explicit. Our approach is completely different from those used by the authors cited above. It is based on a representation formula for the general solutions of the hyperbolic equation (1.6) uxv+a(x, y)ux+b(x, y)uy + C(x, y,u) = 0 due to M. Picone [7] . From an extensive search of the literature, it appears that this procedure has not been fully explored and in particular it has not been used in connection with the periodic solutions of hyperbolic equations. [In the present paper we have confined our discussion to the study of periodic solutions in the strip. The extension of these results to the case of periodic solutions in the large, i.e. the case where we require u(x+T, y) = u(x, v) = m(x, y+T) shall be dealt with in a forthcoming paper.] In §2 we describe Picone's representation formula alluded to earlier and introduce the notations and definitions needed in the sequel.
§3 contains the main results concerning the existence, uniqueness and continuous dependence on initial data of the solution of our problem.
Preliminaries.
In this section we introduce the function spaces and operators which will be used in the sequel to obtain our main results.
Let us suppose for now that/is defined in SxE (E is the set of real numbers) and is continuous there. Also suppose a, ax, b and c are continuous in S. Picone [7] has shown that it is possible to find functions a, ß and y such that on a rectangle [0, rj x (0, r2] (contained in the domain S) Using the properties of Cp, the periodicity of the functions 0(x), a(x, y), b(x, y), c(x, y) and f(x,y, u, ux, uy) it easily follows from (2.11), (2.12) and (2.13) that K maps C" into itself.
3. Existence, uniqueness and continuous dependence on initial data. We begin the presentation of our main results by stating four basic hypotheses which we will assume in every theorem. These assumptions are:
Hi: /is continuous on its domain (SxE3) and it is periodic in x with period T; H2 : a, ax, b and c are continuous in a strip S = {(x, y); -co <x<oo, 0 á y S r} and a, b and c are periodic in x with period T; H3 : 9(x) is continuous with continuous derivative 9 '(x) on the real line and 9 is periodic with period T;
We remark that H4 is assumed for technical convenience. The methods of proof are the same for A(x, y) <0.
In order to state precisely the conditions under which we show existence it is convenient to develop first some properties of A' on a set A" = {ueCp;\\u\\ á P, P > 0). We observe that the functions v¡ (and hence t/¡) are continuous, nonnegative, nondecreasing and vanish at the origin. Without loss of generality we may assume that Vi are subadditive. Proof. According to the discussion preceding the statement of the theorem, the second hypothesis assures the existence of a number p>0 such that KApçAp. This completes the proof.
